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ABSTRACT

An evaluation is presented of the Interacuve Laboratory System s digital ugnal )
procesaing  software.  The capabiiies of the software arc outhned and severul :
representative problems are solved. A companison is made of this soltware pachage

with existing signal processing tools at the Naval Postgraduate School. ’
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I. DIGITAL SIGNAL PROCESSING SOFTWARE

A. INTRODUCTION

' The purpose of this study is to evaluate the Interactive Laboratory Systems
(ILS-PC) digital signal processing software package. This is accomplished in three
wavs. First, by identifving the need for digital signal processing software and the basic

computational operations that a software package of this tvpe should perform.

Secondly. by describing the operation of the software and development of a conceptual
thought process that incorporates ILS in solving digital signal processing protlems.
Finally, by using ILS to solve a number of problems and evaluating the sottware
package by comparing its capabilities and linutations with existing tools available for
digital signal processing at the Naval Postgraduate School.

B. NEED FOR DIGITAL SIGNAL PROCESSING SOFTWARE ’«
As modern technology tends more toward digital methods in signal precessing -

and analvsis, the need for software that consolidates and decreases the computational 2
burden of these methods becomes apparent. Time savings are realized if the software v
Is interactive and requires only input parameters. From an academic perspective, use !:L.
of this software can improve instructional effectiveness and increase the research :.
productivity of students. Solutions that require redundant computations such as, for ‘
example, determining the frequency response of a filter, can be completed without %
substantial programing. This increases the flexibiity and availabilitv of computer ‘
generated solutions for analysis. Finally, use of this software helps the student remuain f'-E
abreast of available analysis tools. :
RS

C. DIGITAL SIGNAL PROCESSING SOFTWARE PACKAGE [:
REQUIREMENTS N

1. Personal Computer Based Software S

The first requirement is for the software to be compatible with personal ZE
computers. While the obvious trade off between this and a mainframe installauon is a .'
loss in computational precision and available memory, there are a number of r.
advantages. The most important advantage is the flexibility and portability cf personal \::-_
computers. First, the user can purchase the sottware commercially. This elinunates \"'
]

dependence upon software packages only available on the mainframe system. Using
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personal computers elinunates the user’'s need to transter programs between diflerent
computer svstems and the compatibility adjustments to the progrums that mav bde
encountered in doing this. Personal computers can also be upgraded us necessury 1o
meet the individual needs of the user. This presents the potenual for the creation oi'a
tailored library of signal processing programs.

Of ecqual importance 15 availabihty and cost savings when compared to a
mainframe svstem. A personal computer based svstem is subject to the user’s schedule.
Unlike a maintrame syvstem, there 1s no competition for CPU timie or unavalaoiinty due
to scheduled maintenance and unscheduled down umes. Also, there is no need 1o buy
computer time.

2. Signal Processing Capabilities

The requirements for a signal processing software package depend on its
intended use, however, there are some basic capabilities that will be needed for all
situations. The software should be flexible enough to allow the user to obtain the
solution of most signal processing problemis. The following requirements are intended

to be a basis of what is expected of a signal processing software package:

D

* Interactive Interface. The software should allow the user to describe signals or
svstems through the use of a kevboard or other interactive interface.

vy

Signal Generation. There should be the capability to create cr form
combinations of common sequences such as sinusoids, exponenuals, samples, or
other simular sequences.

-
i

“

External Data Input. The software should accept input data {rom an external
source or disk file for analvsis.

Pr'sarr o

Graphical Output. The software should provide well-labeted graphical output
ot signals or analysis results on both an interactive video screen or in hard copy
at the user’s option.

)

Y h

Extendability. The software should allow the user to describe new operations
and add these to the system.

L)

Time Domain Operations. The sottware should be able to perform common
time domain operations, such as convolution and filtering.

A

Frequency Domain Operations. The software should be able to periorm
common frequency domain operations, such as radix 2 FFT and frequency
responses.

{ " "

Random Signals. The software should be able to gencrate random signais with
user-specitied characteristics.

PR A )

N A

o«
LA T Y

Determinanon of Statistical Characteristics. The software should be able to
compute statistical characteristics of signals, such as probabiity Jdensity
functions, correlation functions. cross correlation, etc.

R R T R I A N e v S
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¢ Processing of Random Signals. The software should be akle to process rundom
signals through linear systems and compute random signal outputs and their
statistical characteristics.

The requirements listed are representative ot most of the tools required for effecuve
signal processing. The list is not intended to deternune the exact needs of the soitwure

but rather act as a guide to selecting optimum software. [Ref. 1]
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II. USING ILS

Having established the requirements for digital signal processing software, the
analvsis of a software package can begin. Interactive Laboratory Svstem «[LS-PC) vus
purchased by the ECE department for this purpose. The scope of this analvsis Is to
describe the operation of ILS and from this develcp a general process to tacilitate using
the software. Initially, this evaluation of [LS was conducted using [LS version 3.0,
however, a newer version, LS version 6.0, was acquired late in the development of this
studv. To incorporate the improvements and changes of this new version, the version
6.0 capabilities are listed along with a discussion of the newer ILS menu mode of
operation.

A. DESCRIPTION OF ILS

ILS is a personal computer based digital signal processing tool. The software
can operate in two modes, the command line mode and the menu mode. The signal
processing functions that [LS performs can be summarized in eight areas. Discussion
of these topics reinforces the utility and capability of ILS as an independent signal
processing work station.

1. Operation of ILS

As previously mentioned, ILS is completelv interactive. The software

tdentifies commands using three alphabetic characters as mnemonics. These commands
can be viewed as subject identifiers for the signal processing applications theyv perform.
The commands are alphabetically listed in the ILS Command Reference Guide which
also provides information on their specific usage. This information consists of the
command’s function, format, input requirements, generated output, and arguments.
The arguments, which are alphabetic and numeric, determune the specitic operation the
command 1s to perform. Several examples are also provided to demonstrate some
appiications of the command. Appendix A contains an excerpt from the ILS
Command Reference Guide for the Jdesign filter command, DFI. This coramand
designs a Butterworth, Chebyshev, or ellipuic filter. In this ¢command, the alphabetic
arguments allow the design of band pass tilters for octave filtering, or the storage of

the designed filter in either the COMMON file or as a record in a primary or secondary

tile or both. The numeric arguments determine the type of fiiter to design based on the
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X user’s specification of sampling frequency, stopband attenuation, passband aitenuation,
E band edges and the order of the filter. The output consists of very useiu! mfcrmation
" such as the pass band and stop band edges, the sampling trequency. the transier
function of the filter, the poles and zeroes. and the first and second order Guadratic
tactors of the transfer tunction. [Rel. 2: p. 6-5]
The utlity of this command 1s extensive, considering the many ditlerent tipes {
X of filters that can be designed; however, 1t 1s only a small part of the signal processing
analvsis capability of ILS. Complete signal processing analysis with [LS require: the X
. successive use of different commands. For example, the frequency response of a lilter |
; transter function generated by the DFI commuand and stored 1n a record file can be
\ deternuned by using the Fast Founier Transform (FFT) command. Successne 4
commands do not have to be related to the design process. Examples of this are the ,
) List Records (LRE) command, which lists the contents stored in a record file and the ]
i Display Records (DRE) command which graphically displavs a record file on the
. termunal screen. ;
$ a. Command Line Mode ‘
:-: The command line mode operation of [LS s meant for the e\xpenienced 1
N user. Use of this mode requires the user to manipulate the ILS commands and their .
A arguments to perform the desired analvsis. There are two wavs to operate ILS in thue
1 mode. The first method is to execute successive commands. applicable to the requ.red
) analysis, one command at a time, exanuning the intermediate results obtuined bty
performing each command. This gives the user an opportumty to inspect cach part of :
h the analysis process. preventuing the cascading of errors. The second neiiod 18 p
. operation of the command line mode with a delinuter. This allows the user to enter a :
n number of commands on the command line to be performed as one command. This .
‘-: gives the user an ability to perform repetitive analysis of a svstem much more .
b efficiently than with the first method. Since there are approximatly 90 ILS commands *
to choose from, operation in this mode can become both tedious and ume consunung. .
& A method which can simplifv the selection of appropniate ILS commands for anaiisis K
“ is the menu mode. [Ref. 2: pp. 6-1 and 7-7] :
. b. Menu Mode
The ILS menu mode is designed to help beginners to use ILS. There are A
many menus that make up this mode. The menu structure is treehike, aliowing the user .‘
', to make choices which narrow general categories until eventually data entnn tor a :
12 'y
:
A "
.
;
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particular signal processing application s performed. [uch menu iteni has a function
kev assocrated with it for selection. If ILS command argument entrs 18 reguired, the
screen displays the arguments for Jata entny.

The menu mode ot [LS cperation has several advantages. barst, tiere s no
need to open or create lile space for the intermediate results of conunands used 1 the
agnal processiig analysis; this s performed automatically. The menus narrow the
selection ot ILS commands to choose trom an terms of the desired signal procesung
application. The obvious disadvantage of working with a menu driven sistem s having
to prompt through each of the menus for processes whch require the redundant
selection of commands. Because of this, ILS allows the user to jump directly to a
specific menu using the direct access facthty or between the raenu mode and tie
command line mode. This gives the user access to the advantages of both [LS
subsystems. [Rel. 2: p. d-3]

2. Capabilities of ILS
The capabilities ot ILS can be organized into eight categones. The tollowing
1s a list these categorics and some of the functions available through the software.

I.  Data input output. [LS allows the user to acquire and plavback dJata through
A D and D A\ hardware, generate waveforms such as sinusoids. exponentials,
notse and speech, and convert data from external files in ASCil or biaury
format into ILS format for analyus and reconvert to its onginal form for
transler back.

2. Wavelorm Display. ILS can display data with a standard XY or three
Jimensional plot. There are also options for overlay plotuing and expanding ot
segments of data for display.

L3

Numeric Listing. ILS allows the user to list the numeric contents of datascts or
ILS files.

4. Data Manipulation and Editing. ILS allows the user to convert Jata between
coordinate svstems, such as polar to rectangular, scale dJata through
multiplication or addition of an oflset, modify particular potnts in a file, or shutt
data to represent a delav.

'

Frequency Analysis. [LS allows the user to perform functions such us
computing a Fourier transform using a radix-2 FFT, coherence analisis to
generate normalized cross spectra. or transfer tunction estunation, which allows
the user to estimate a transfer function and review its Bode and Nyguist plot.

6. hgnal Filtering. ILS allows the user to dewign recursive and nown-recursive
filters, compute and graphically display their frequency responses, and aliows
filtering ol data through the designed filter for analysis.
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R 7. Numerical Analysis. ILS allows the user to average, integrate or Jilerentiate
data.  Other applications include performing convolution, correiation and
o waveform arithmetic.
§.  Speech Processing. ILS allows the user to pertorm speech processing analtsis
' such as linear predictive coding analvsis or pitch analvsis. There are also
' opuions to display and review speech data, spectra or vocal tracts. jRell 2: pp.
’ J-14 10 4-19]
. 3. Summary.
A general description of the operation and capabilities of ILS Lias been
" presented. The signal processing commands in this package consists of a number of
; selt-contained programs. This is advantageous since it allows the user 10 execute a
k. serics of these commands in performing signal processing analysis.  Minimal
K programumung 1s required, since the ILS commands only require the input of arguments
.ﬁ. which represent the problem parameters. The ILS commands are also gencral and '
.‘:: flexible enough to be tailored to almost any signal processing application.
X
e B. GUIDE TO PROBLENM SOLVING WITH ILS
N As with anyv application of a computer software package, a svstematic approach
" can be developed to facilitate the use of ILS. This process is best understood after a
review of general problem solving techniques.
' l. Problem Solving Technique
v The first requirement in solving any problem is to identifv certain paramecters.
E It 1s essential to identifv what is given, what needs to be determined. what are the
. rclationships pertinent to the problem, and what assumptions are to be made. Having
' answered these questions, an ordered sequence of steps can be followed which leuads to
W the solution of the problem. This can involve many things such as simplifications of
WY equations or programming of redundant operations. The final step in the process is to
: examine the results and determune their validity and acceptability as a solution.
" 2. Problem Solving Techniques With ILS
Determining solutions with ILS follows the same process, however, ILS hmits
- the analysis techniques available for signal processing. This requires the user to X
i manipulate ILS software to get a solution. The problem sclving process with ILS is
y summarized as follows:
. 1. Determune what is given or available in the problem statement. :
2. ldentity from the problem statement what must be determined. \
-
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Identitv what ILS commands would be useful m solution of the problerm.  [his
is more easily accomplished using the 1LS menu mode.

4. Order the ILS commands required in solution of the preblem.

5. Execute the commands cf part (4) and exanune the results. Repeat steps 3-3 as
necessary until the solution is satisfuctory.

This process is short due to the interactive structure of ILS. [t aiso allows the user to

experiment and determine an optimal solution.

C. PROBLEM SOLVING WITH ILS
1. ILS Files

With ILS, the use of successive commands in the analysis process produces a
requirement for storage of intermediate results in files. ILS works through the
manipulation of these files. ILS files are also used to store data input from an external
circuit and data transfered from other computer files. The type of data stored ia a file
determines the tvpe of file it is and there are five different tvpes of data. File
manipulation and generation are the basis for successfully using ILS.

a. COMMON File

The COMMON file is required at all operating levels of ILS. storing

information to interface and operate the software such as parameter definitions,
constants, and status flags. Changes to the contents of the COMMON [ile are by
defuult written over the previous contents allowing for automatic updating of system
parameters. Since this file is always read first when booting [LS, the user always starts
exactly where the previous session ended. The COMMON file also has the utility of
being a scratch pad for storage of intermediate results. Data from the COMMON file
can be extracted and manipulated by transfering it to an ILS applicable type of file
using appropriate ILS commands. [Ref. 2: p. 6-2]

b. Other Files

The following is a list of other files internal to ILS:

[. Sampled Data Files. Data for these files is always in integer format and s
created using any of three ILS data sources:

o Test Signals and Functions. ILS has commands that need output files to
store their results. These commands generate sampled data files by
sampling ILS generated wavelorms created by the user.

¢ External Files. ILS can be used to create data files from external files n
ASCII format, coded ASCII format, or binary format. This allows the user
to input data that can be analvzed using ILS commands. There are
requirements for the format of the external data. The ILS Command
Reference Guide contains the pertinent details of these conditions.
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Analog Waveform. ILS has the capability of accepting an analog source as
input to create a data file. With ILS compatible A D and D A hardware,
the sottware can convert external signais to ILS format for analysis. This
is not explored by tlus thesis. [Ref. 2: p. 8-8]

Analysis Files. Analvsis files store data created bv executing speech analisis
programs on segments ot sampled data. The data is integer data in vector form.

Record Files. Record files can store two tvpes of data. The first tvpe 1s signul
processing dJata. These data consist of real or complex points and is
representative of a ume or Fourier series. The second tvpe is feature daty,
which is a matrix or vector representation of properties of experimental Jdata.

Label Files. Label files store label data which is ASCII data describing in code
and words the location of sigmficant events or segments in sampled data files.
[Ref. 2: p. 6-3]

2. Using ILS Files

Binary files are the files that ILS uses the most. These files are the sampled
data files, record files and analysis files. All of these files are structured the same. The
lengths of the ILS files are set by the user and only limited by the available memory on
the disk used. The length is expressed in disk blocks, 512 bytes per block. The file
blocks are numbered from 0 to N-1, where N i1s the number of blocks in a file. The
ILS command, FIL. is used to create, delete, select, or unprotect a file. The details of
the use of this command are contained in the ILS Command Reference Guide and are

demonstrated in the next chapter. An iumnportant point in using ILS files is how thev

LY

are selected and identified. ILS files are identified by two alphabetic characters and a

file number (1 - 9998). The two letter prefix is used to represent a single file or a group

NS )

of files. Each ILS file may be selected with one of six different pointers. These

pointers are primary A, B, or C, and secondary A, B, or C. Which pointers to use
depends on how the file is used by ILS commands. This is best explained by the

.

following example in which two time series record data files are convolved using the

NN

-

Convolution (CNV) command. According to the command requirements, one file must
be declared a Primary (A) file and the other a Primary (B) file; however, a Secondary

(A) file must also be opened in order to store the results. In this case the FIL

el

command must be used three times, first to declare one file as primary (A). sccond to

e

declare the other file as Primary (B), and finally to declare a file as secondary (A) to
store the results. This allows the user to save the original data for further analvsis, if
desired. For instance, the file declared the Primary (B) file could be redesignated the

Primary (C) file and the contents altered. The file can then be redesignated as the

G VR T T A S O S Iy T, Fy W W B, A AT




Primary-B file and the convolution performed again. It mukes the files casy to use,
however, Keeping track of the files and what each contains mayv become a problen.
More detailed examples to help understand the use of ILS files will be presented in the
following chapter. [Ref. 2: pp. 8-3 to §-3]
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PRALEREAL LTS

HI. SOLVING PROBLENMIS WITH ILS

The purpose of the following examples is to demonstrate the use of ILS in dig:tal
signal processing. The problems show in detail the terminal input and output of
runming the ILS commands in the command line mode and outline the use of the
problem solving techniques developed in Chapter 1. The format that ILS conunands
require 1s outlined in Chapter 6 of reference (2). The meanings of the commniund

arguments are outhined in the ILS Command Reference Guide.

A. DIGITAL FILTER DESIGN
The following three examples display Jifferent methods of using ILS to design
recursive and non-recursive digital filters.
Problem 1: Using the bilinear transform procedure and a sampling frequency oi UK
Hz. determine 2 minimum order, bandpass Butterworth digital filter that
meets the specilications shown in figure 3.1 and plot the frejuency

response [Retl 30 p. 714).

Afsp
i 0dB
IR S,
0a8 + 0508 - w g2t /
Lo’ ] I .
33R ] e ‘ « -
v 308 I 308 .
| ¥ tr. | 7
v o1 | [
' 1 ) .
. [ 7
r ;
b, ) l ' ;
o | | %
; oy | /A : /
4 oy | | /;
i "/ Ny ' } ! /
r L j ! 1 :
D ! :
X s . L.
2008 ' e ! b 2008
L 251 ] 36 110
; " —_ N IV, S S el
i 08 10 28 321 90 fhHz

Figure 3.1 Design Speatficatens Problem | [Rei’ 2: p. T14).
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The analvsis begins with determining what 1s given in the problem state:nent that

can help in dJesigning the filter. In this problem. the given information includes tiwe
sampling frequency of the filter and the stopbund. cutotf and passband atzenuations
and frequencies for the filter. The next step is to determine what must be found to piot
the frequency response. This requires determining the order of the filter and the
transfer function. The third step is to determine what ILS commands are to be used in
the the solution of the problem. The following ILS commands apply:

e File Command (FIL). This command is used to list, select, create, unprotect, or
delete a file.

¢ Open Record File Command (OPN). This command is used to create and
initialize primary and secondary files.

¢  Design Filter Command (DFI). This command is used to design an elliptic,
Butterworth, or Chebyshev filter.

e List Records Command (LRE). This command lists signal processing records
from consecutive primary or secondary files.

e Fast Fourier Transform Command (FFT). This command is used to perform
Fast Fourier Transform operations on records.

¢ Display Record Command (DRE). This command is used to dispiay signal
processing record files.

In this problem, the FIL and OPN commands must be used first to create storage tor
the record data that will be generated using the DFI and FFT commands. Next, the
DFI command is used to determine the transfer tunction of the filter. The FFT
command is then used to determine the frequency response and DRE displayvs the
results. The LRE command can be used any time during the analysis to list the record
data generated by DFI or FFT. The order in which the ILS coimuands are used 1s as
follows:

1. Initalize two files to store the results of the DFI and FFT commaunds. This

is done using the FIL command with the DEY argument which deletes any data

in the file TQ100. The first numeric argument is the numerical filename of the

file and the second is the number of consecutive files to delete starting with

TQ100. ILS will by default make file TQ100 the primary (A) tile.

Input: FIL DEYTQI100,.2

ILS responds with: TQ100. DOES NOT EXIST

TQIlol. DOES NOT EXIST

TQ100. DOES NOT EXIST
PRIMARY FILE
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2. The files are prepared to accept data. The DFI commund can store the

transfer function of the filter as a record in the COMMON iile or a primury or
secondary file. If the transter function of the filter is stored as a record in the
COMMON file, only the Frequency Display (FDI) command can be used to
compute and display the {requency response. This command automatically
scales the display but does not produce a numerical listing of the frequency
response thereby limuting the user to relving on the displav to interpret Low
closely the filter meets design specifications. To obtain a numerical listing of
the frequency response, the FFT command must be used. This commar.c
requires that the filter's transfer function (the results of the DFI command) be
stored as a record in a primary file. The file TQI100 is initialized as a record file
and opened to accept record data by the OPN command.

Input: OPN

ILS responds with: (A system prompt.)

3. The DFI command is executed by entering the command with its arguments.
The values of the arguments are determined using the design specifications of
the problem. The order of the filter was determined to be two using non ILS
techniques. For this problem, the P argument allows the filter to stored as a
record. The first numeric argument is the order of the filter and the second is
the passband ripple in milli-dB and must be 0 to indicate this is a Butterworth
filter. The third argument is the integer sampling frequency in Hz, the fourth
and fifth are the integer lower and upper band edges of the band pass filter.
The sixth argument is the stop band edge or "dB down” and must be 0 tor
Butterworth filters. The last argument is the power of ten multiplier for the
frequencies.

Input: DFI P2,0,500,25,36,0,2

ILS responds with: Figure 3.2, a listing of the transfer function of the filter.

4. To see what is stored as a record in the file TQI00, the LRE command with
its default values is used.

Input: LRE

ILS responds with: Figure 3.3, a listing of the record data n file TQ100.

5. The FFT command is used to deternune the frequency response of the filter.
This command needs a secondarv record file opened to store its results. The
FIL command, with the S argument this time, selects file TQ 101 as a
secondary file.

20)
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: 6. The OPN comumand is used as before to initiulize TQL01 as a record file

' The S argument must be used since TQIO0I is a secondary file.

w Input: OPN'§

o ILS responds with: (A system prompt.)

A 7. The FFT command is executed to deternune the frequency response. Since

# the primary file contains the filter’s transfer tunction, the command determines

_"-' the frequency response of the tilter by dividing the FFT of the numerator by the
. FFT of the denominator. By default, the order of the FFT used in each case, is

?‘ the smallest that contains all data points and the record ts automatically zero

padded to bring it to the size of the FFT used. The arguments used with this

- command are P, which stores the FFT in polar format, and 9, which specifies

" that 2% = 512 points are to be used.

- Input: FFT P.9

:‘ [LS responds with: TQIl0l. RECORD 1 STORED

& 8. The frequency response of the filter can now be displaved using the DRE

'~: command since the file TQ10l contains record data. The arguments used are

] M, which displaves only the magnitude portion of the data, and S, which tells

o

DRE to display the secondary file.
(% Input: DRE MS

ILS responds with: Figure 3.4, the frequency response of the Butterworth fiter.

: 9. To get a better picture, DRE is used with the A argument and the user is
':, prompted for plotting and scaling options. The options allow the user to erase
e’ the screen betore display, display with or without a grid, change the scale of the
. axes, enter labels for the display, overlay plot, otfset the plot, and provide other
% . .
) plotung options. ..
4 Input: DRE MAS
ILS responds with: Scaling options (figure 3.5) and the scaled response

s (figure 3.6).

.':-Z The last part of the analysis is to check the results and reevaluate if necessary. The
o A

: results are satisfactory and iteration is not required. [Ref. 4]
'l

y Problem 2: Using the bilinear transform and the design specifications of problem (1),

. design a minimum order Chebyshev filter and plot the frequency response
’: [Ref. 3: p. 714).
2
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Figure 3.5 ILS Scaling Option Prompts.

The method of analysis is similar to the previous problem except in this case ILS
is used to determine the order of the filter. The commands used are the same,
! however, the COMMON file will be used to store intermediate results. A new
command, FDI, is used to display the frequency response of the filter using the filter
coefficients stored in the COMMON file. Once the design specifications are met, the
filter coefficients of the COMMON file are transferred to a record file for further
analysis. The ILS commands used in this procedure are
¢ Design Filter Command (DFI). .- ‘ .

: ¢ Frequency Display Command (FDI). This command computes and displays a
frequency spectrum.

¢ File Command (FIL).
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Store Records Command (SREV  This command stores sampicd Cuata
records.

e  Fast Fourter Transform Command (FFT).
e Display Record Command (DRL).
The design sequence is as follows:
1. Set the alphabetic pretix for the Jdata tiles to be used in this anuissis.
Input: FIL ANTQ
ILS responds with: Alphabetic characters set to: 1Q
2. The DFI command is used interactively to design the Chebyshes tuter. [LS
prompts for inputs relating to the specifications ot the filter 1o be Cesigned und
determunes the transfer function of the filter which 1s stored 1in the COMMON
file.
Input: DFI
ILS responds with: Figure 3.7, the ILS prompts, for filter design specitications,
caused by interactive use of the DFI commuand. lhe - >
and = > symbols are prompts for user input wiuch are
determuned using the dJdesign specificauons.  The filter
specifications as deterrmuned by responding to the DFI
prompts are displaved in figure 3.8.
3. The frequency response of the filter is exanuned using FDI. This conunand

automatically computes and displayvs the frequency response of the filter stored

in the COMMON file. The E argument erases the termunal screen telore

ol @i

displaying the frequency response and the G argument places a grid over tihe

display. The C argument tells the FDI command to use an FFT to compute

the frequency spectrum of a rational form filter stored in the COMMON tile.

Input: FDI EGC

ILS responds with: Figure 3.9, the frequency response of the filter in the
COMMON file.

4. The frequency response of the filter in the passband region 1v not easuy

[ e i A

b e 2 P Y W b

determined from the display because more resolution i1s needed. This 15 Joue
with the DRE command. In order to use this command the filter data in the
COMMON tile must be moved to a record file so the trequency response cun
be recomputed and stored in a file tvpe which the DRE command can use 1svn

Problem (1). The SRE command has a special argument that ailows the
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Figure 3.8 Filter specifications.

transfer of this data from the COMMON file to a secondary record file.
the FIL command must be used to initialize a secondary file.

Input:

FIL SDEYTQ200

First,

J‘J-“I

ILS responds with: TQ200. DOES NOT EXIST

SECONDARY FILE
5. The OPN command is used as before to initialize TQ200 as a record file.
The S argument must be used since TQ200 is a secondary file.
Input: OPN §
ILS responds with: (a system prompt)
6. The SRE command transfers data from the common file to a secondary
record file. The F argument allows the transfer of the infinite impulse response
filter coefficients, stored in the COMMON file by executing DFI,
secondary record file.
Input: SREF
ILS responds with: TQ200. RECORD 1 STORED
7. LRE is used to list the transfered data stored in TQ200. The sampling
frequency has been normalized but this should not affect the frequency response
of the filter.
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" Figure 3.9 Frequency Response of Problem 2.

ILS responds with: Figure 3.10, the data from the COMMON file stored as a
record in the secondary file TQ200.

8. The frequency response is computed using the FFT command and displaved

using DRE. This FFT command requires making TQ200 a primary file and

initializing a secondary record file to store the results of the FFT.

Input: FIL TQ200

ILS responds with: TQ200. RECORD
PRIMARY FILE

9. The FIL command is used to initialize a secondary file.

29
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Figure 3.10 Record Data, TQ200.

Input: FIL SDEYTQ201
ILS responds with: TQ201. DOES NOT EXIST
SECONDARY FILE

10. The OPN command is used to initialize TQ201 as a secondary record file.
Input: OPN S

ILS responds with: (a system prompt)

A

o
;

SR AL, o, T %y

11. The FFT command is executed to determine the frequency response.
Input: FFT P,,10

ILS responds with: TQ201l. RECORD 1 STORED

12. The frequency response is displaved using DRE MS (figures 3.11) and DRE
MAS (figure 3.12).

[y

IR

WY,

The filter is well within the design specifications. When examining the figures, note
that the frequency axis has been normalized with respect to the sampling frequency.
This is the result of transfering the filter from the COMMON file. Notice the straight
line approximations that appear in figure 3.12 caused by the relatively small number of
points computed in the passband. [Ref. 4]
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Problem 3: Using the Fourier Series approach, design a non-recursive high pass filter
of minimum order that meets the specifications of figure 3.13. The

unshaded regions represent the desired response characteristic and the
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samphng frequency 15 10K Hz.  Plot the frequency response. [Refl 3+ p.
6006].
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This problem requires finding the unit sanpie respense o e i
rruncatung this with a windoving technigue. Onee the coctlivionts of the hter oie
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o [hle Conmumand b iL).
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Fast Fourier Transform Command (FFT).
Display Records Command (DRE).

The [FL command i1s used to determune the cceflicients of the filter. The I T

command dJetermines the frequency response using the ftilter coethcients. The Jdesign

sequence 1s as follows:

. Set the alphabetic prefix for the data tiles to be used in this analvss, create a

file to store the record generated by the [I'L command and open the !le to

accept record data.

Input: FIL ANRF

ILS responds with: Alphabetic characters set to: RF

Input: FIL DEYRF300

ILS responds with: RF300.
PRIMARY FILE

DOES NOT EXIST

[nput: OPN\

ILS responds with: (a svstem prompt)
2. The IFL command is used to deternune the coetficients of the filter. This 1s
done by using an FFT and the user specified spectral charactensrics of the 1deal
tilter. The first argument of the command is the order of the FFT for the
design. The second. third and fourth are the integer sampling, lower cutcll und
upper cutoff frequencies of the filter. The fifth is the power of ten mulupiier for
the frequencies, the sixth is the number of filter points to output and the
seventh 1s the window tvpe to use in the analvsis. In the first tnal ot the design
process, 31 coethicients are deternuned and a Hamming window is used by
detault.

[nput: 1FL 9.10000,2800,5000,0,3 ]

ILS responds with: RF300. RECORD 1 STORED

3. A secondary file is created and opened to store the record data that wul be

generated by determuning the frequency spectrum of the tilter using the FFT

command.
Input: FIL SDEYRF20I
ILS responds with: RF301. JOES NOT EXIST

SECONDARY FILE
Input. OPN'S

ILS responds with: (a system prompt)

4. The FFT command 1s used to determine the frequency response.

34
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Input: FFT P,.10

[LS responds with: RF30t.  RECORD 1 STORED

5. The trequency response 1s dicplaved using the DRE MS itigure 3151 and

DRE MAS (figure 3.15) communds.
The ftilter does rot meet the design specifications with 31 cocetficients. After turthe
iterations the speafications are meet using w filter of 37 coetlicients figures .10 und
307y This design uses more coetlicients than necessary <inee the -3 JB cutett
frequency 1s approximately 2875 Hz and onlv 2800 [z s required. Decreusing the
cutetl frequency, the order of the filter can be turther reduced. The final tilter has an

order ot 41 coetlicients (tigures 3.18 and 2.19). [Ref. 4]

B. SPECTRAL ANALYSIS

In the following examples ILS will be used to pertorm spectral anaivsis. In the
fist problem, ILS is used to compute the DI'T of two finite sequences. In the second
problem [LS 1s used to pertorm the convolution of two sequences. The last pronlem is
also a DFT computation, however, the dJata tor the sequence are input using an

external Jata file.

Problem 4:  Find the discrete Fourier transform tor each of the following 40-point
sequences [Ref 2: p. 480]:

4) xp(n) =1l,n=20,1 39

. -":' ;

&

_\'p( n) 0, otherwise

b % Tl

b) xp(m = 1l,n =

.\'p(n) = (), otherwise

LRSS I J

In this problem ILS must be used to create the sequences and then iind therr

A

DFTs. The commands to be used are:

ety

e (Context Command (CTX). This comunand lists or changes the context tnumber
points per trame), sector number, or header length ot a tiie.

File Command (FIL).

[nitialize Command (INA). This command imualizes or changes the pnimary
sampled data file header.

[ G AL

Modifv Command (MDF). This command modifies the values of the sampled
data or signal processing record data.

Print Command (PRT). This commuand prints sampled data.

Display Command (DSP). This comumand displays a time series waveform ¢n
the screen.
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:‘. e Frequency Display Command (FDI).
L2 The sequence of the analvsis is as follows:
v 1. The number of points per frame that a sampied data file contains is
designated by the CTX command. In this problem., the sequences are >
1> Jo-points. FDI determines the DFT of a sampled data file by frame and
h \ therefore, to obtain a DFT with no discontinuities the context, of the sunipled .
k data files must be set to JU-points per frame, the implicit period of the
» seguence.
- Input: CTX 40 .
_j [LS responds with: CONTEXT = 40 POINTS FRAME
(- 2. The prefix of the data tiles to be used in the analysis is initialized using the
FIL command with the AN argument.
't Input: FIL ANDF :
i ILS responds with: Alphabetic characters set to: DF X
7 3. The FIL command is used to create a file of 40 zeros. The first argumeat, ‘
CRZ, creates a file filled with zeros. The numeric arguments of the command \
f: determune the size and number of files created. The first argument is the
E tilename and filename numeric which identifies the primary file, the second
" declares the number of files to create and the third declares the number of 4
. frames per file to create. In this problem, two files are created each with one
. frame. Only one filename numeric is entered since ILS sequentiailv nunibers
. the second file. :
) Input: FIL CRZDF100,,2.1 ;
ILS responds with: DF100. NOT SAMPLED DATA
v 2 DK BLKS
D
) DF101. NOT SAMPLED DATA
' 2 DK BLKS
’ DF100. NOT SAMPLED DATA
2 DK BLKS :
PRIMARY FILE B
v 4. In order for this file to be sampled data, a sampling frequency must be
. assigned to the file. ILS commands do not perform analvsis with fiies unless a .
file type 1s declared. For example, assigning a sampling frequency makes the :
[ 42 ::
: Y
e R A N T AN N e
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*:ué file a sampled data file. opening the file makes the file a record lile. Lxaruiig

‘E:: the problem, a sampling frequency of 40 Hz 15 assigned to the file. This gnves

B the DFT a frequency spacing of 1 Hz because there are 40 samples and thus

" I,g vields a record length of | second. The sampling frequency of the tile 15

! assigned using the INA commund with the argument SF. This arzument aiicws

E: . INA to set the sampling frequency of the file making it a sampled duta fije.

Wy The first numeric argument used with the command is the integer muluple of
the sampling frequency and the second 1s the power of ten multplicr tor the

’ sampling {requency.

o Input: INA SF4,1

-f ILS responds with: SF = 40 SAMPLING FREQUENCY

A 5. The same must be done for tile DF101. First the FIL command 1s used to

| make DF101 a primary file and then the INA command can be used to assign

:Ej { the sampling frequency.

i Input: FIL DF101

,“‘ ! ILS responds with: DFI101. NOT SAMPLED DATA

4 2 DK BLKS

s PRIMARY FILE

b ’ Input: INA SF4.1

_ [LS responds with: SF = 40 SAMPLING FREQUENCY

f-: 6. The sampled data files. which consist of zeros, are modified one at a ume

:S using the MDF command. First the FIL command identifies the file to be
modified. The MDF command is used to change the elements of the tile to

G represent the sequence. The first argument is [, which allows the user to moduy

Eg unscaled integer values of sampled data. The first numeric argument Wdenuties

:k the starting frame of the file to modifv, the second identifies the starting point

\ in the frame to modifv, the third i1s the data vaiue which replaces the old value,

&Y the fourth is the number of consecutives frames to modifv and the fifth s the

:- number of consecutive points to modifv. The first modification is in the first

> frame starting with the first point in the file. The zero is changed to 4 one and

X t\wo consecutive points are altered.

v Input: FIL DF100

o
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ILS responds with: FIL DF100. SAMPLED DATA
2 DK BLKS. 1. FRAMES. 40 PT FR
SAMPLE RATE = 0 HZ
PRIMARY FILE

Input: MDF I1,1.1.1.2

ILS responds with: OLD 0. NEW

Input: MDF 11.40.1.1.1

ILS responds with: OLD = 0, \NEW ]

Once the modification 18 completed. the PRT comumand 15 used to displav
the data and check ftor correctness. The tirst numernc arguraent or PRT
identities which frame in the ftile to start displaving and the secend dedlares e
number of frames in the file to displav.

Input: PRT 1.1

ILS responds with: Figure 3.20, the vaiues of the sampled Jata [ile DF [uo.

CivILS) OwT

Ficure 3200 Savpicd Dota Fog, DF T

»
.
»
£
d
[

SN anuhar processas repeated 12 change and Sivplan the ot tile, DE

[rput HIL DEToL

[y revponds with FIE DELel SANMPLLED DATA
2DK BUKS. T ITRANIS, <opP] IR
SAMPLE RNTE = 40 [iZ
PRINIARY FILE

Inputt MDF ITL.1.1.1.4

1S responds with: OLD 0, NLW

Input: MDF 11,351,123

ILS responds with. OLD 0, NLW

Input: PRT 1.1

O {
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l ILS responds with: Figure 3.21, the values of the sampled data file DF1UI. .
i "
SIN.-S22AT 1.3 |
A/ SECTCY L, FRArFE L 1
! 1 1 1 o o ° 0 ) ° i
) o ) ° o o o o o o -
o ° o o 0 o ™ o 0 o
a N o o o o o 1 1 1 b
CiNILS) =)
\'
. . X [Ny
Figure 3.21 Sampled Data File, DF101.

9. The sequences, having been created and stored in sampled data files, can be

displaved on a time axis using the DSP command. In this case, because the

g W oy

sequences are consecutive files, they can be displaved on the termunal screen :
simultaneously. First the FIL command is used to declare the first of the K
consecutive files as primary. The DSP command is then used to display the v
files. The argument E erases the termunal screen before plotting the data. The _
first numeric argument identifies the starting frame of the file to display, the K
second declares the number of frames to display, the third is the scaling factor :
for the data, the fourth makes the plot discrete, and the last identifies the ?
number of consecutive files to plot. In this case, the plot consists of the first ’
frame of files DF100 and DF101 and the data is scaled by 200. "
Input: FIL DF100 -
ILS responds with: FIL DF100. SAMPLED DATA E
2 DK BLKS, 1. FRAMES, 40 PT FR ‘:.
SAMPLE RATE = 40 HZ 5
PRIMARY FILE g
Input: DSP E1,1,20000,2,,2
ILS responds with: Figure 3.22, a plot of the consecutive sampled data files. -4
10. The DFT of each sequence is computed using FDI. This command N
automatically plots the DFT as magnitude (dB) versus frequency. The
command prompts the user for the frequency limits of the plot. If no Limuts are
entered, ILS will plot the entire spectrum to the folding frequency. The :
command is used with the following arguments. The alphabetic argument, E v
s v
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erases the termunal screen betore plotung. GB puaces 4 gonid borior

L A

frequency display, and X directs [LS to deternune the DI of the S o

primary sampled data file. «lThe F'IL command must be used to ~eleet we oy
analvsis by making 1t @ pnimary tile.y  The first numernc argumient of 1 DI
Wdentfies which trame in the tile to sturt computing the DEFT witn, the saeond
tdentifies the number of frames to be analized and the lust reguests the paet 1o
use Jots to represent the data points.
Input: FIL DF Lo
ILS responds with: FIL DF 100, SAMPLED DATLA
2 DK BLKS., 1. FRAMES, 4u PT FR
SAMPLE RATE = J0 HZ
PRIMARY FILE
Input: FDI EGBXI1.1..1
[LS responds with: Figure 3.23, the DFT of sequence (a).
I1. The same procedure 1s performed for DF101.
Frgures 3.23 and 3.24 are the DFTs of (a) and (b) respecuvely. Notice that ILS
represents the DFT of a sequence using a conunuous plot of 512 pcints. The
coetlicients of the DFT must be interpreted using the appropriate frequency resolution,
Af, of the sequences. [Ref. 4]

Problem §: Two three-point sequences X (n) and x.(n) are shown in figure 3.23

Sketch and label the linear convolution of the two sequences. !Ref. 3. p.
482).

As in the previous problem, ILS must generate the sequences. The data will be
sampled data, however: [LS can only perform convolution with record data. ILS can
do this analysis by changing the sampled data to record data using the SRE command.
The commands needed for this analyvsis are as follows:

¢ Context Command (CTX).

¢ File Command (FIL).

e [nitialize Command (INA).
Modify Command (MDF).
Print Command (PRT).
Open Record File Command (OP\.
Store Records Command (SRE .
List Records Command (LRE).
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Figure 3.23 DFT of Sequence (a) . Af = | Hz.
. ¢ Convolution Command (CNV). This command convolves time series record
- data. .
: ¢  Display Record Command (DRE). b
- The analysis is as follows:
: I. Following a procedure similar to the previous problem, the sequences are
' generated. In this problem the files will be identified with the prefix WD. As
' before, the files initially contain zeros and are assigned an arbitrary sampling
™ frequency to satisfy ILS requirements. The files are then modified with the
S MDF command to represent the sequences of figure 3.25. PRT is used to
display the sequences and check for correctness. Since the CNV command
48
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Figure 3.24 DFT of Sequence (b), Af = | Hz.

requires the files to be convolved be a power of 2, the context will be set to 8
points per frame. This context allows ILS to store the results of the
convolution in another file of the same context. If the context is smaller, ILS
would be unable to store the results of the convolution.

Input: CTX 8

ILS responds with: CONTEXT = 8 POINTS ' FRAME

Input: FIL ANWD

ILS responds with: Alphabetic characters set to: WD




:‘- x2(n}
, 2
o 0 1 I .
; 16 2
2l
*
»
N Figure 3.25 Sequences of Problem 2 [Ref 3: p. 482].
Input: FIL CRZWD100,.2.1
Y ILS responds with: WD100. NOT SAMPLED DATA
2 DK BLKS )
: : WDI10L1. NOT SAMPLED DATA ‘
- 2 DK BLKS
WDI100. NOT SAMPLED DATA
¥ 2 DK BLKS )
N PRIMARY FILE

2. With WD100 as the primary, a sampling frequency is assigned.
Input: INA SFL,0

ILS responds with: SF = 10 SAMPLING FREQUENCY

" 3. Now the data is modified one point at a time.

v,

Y Input: MDF I1,1,1 :

9 ILS responds with: OLD = 0, NEW = 1

! Input: MDF 11,2,3

. ILS responds with: OLD = 0, NEW = 3
Input: MDF il1,3,-1

A ILS responds with: OLD = 0, NEW = .2

: 4. The data is checked for correctness using PRT.

- Input: PRT 1,1

g ILS responds with: Figure 3.26, the sampled data point of file WD100.
5. The same procedure is performed for file WD101. o >
Input: FIL WDIO] | p

i 50
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& [LS responds with: WDI0L. NOT SAMPLED DATA
o 2 DK BLKS
o PRIMARY FILE ,
’ Input: INA SF1,0
) ILS responds with: SF = 10 SAMPLING FREQUENCY
\." Input: MDF I1,1,-2
g ILS responds with: OLD = 0, NEW = .2
g Input: MDF I1,2.-1
- ILS responds with: OLD = 0, NEW = -]
.~.‘3 Input: MDF I1,3,2
> ILS responds with: OLD = 0, NEW = 2
_; 6. The data is checked for correctness using PRT.
:: Input: PRT 1,1
j'» ILS responds with: Figure 3.27, the sampled data points of file WDI101.
‘o
L
:;_
" CINELSIPAT 11 .
‘_:: SEJ‘_’: o 2 o ° o ° °
~ CIVILS)
\'J
o Figure 3.27 Sampled Data File WDIO1.
. _ 7. Now the sampled data of files WD100 and WD101 1s made record data by
:_: duplicating the data as a records in the files WD200 and WD20I1 using SRE.
N This command requires the receiving files to be secondary files. This is
:‘ﬂ,
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PRIMARY FILE
Input: FIL SWD200
| ILS responds with: WD200. DOES NOT EXIST '

: accomplished using the FIL command with the alphabeuc argurmient S. The !
k: ! OPXN command must also be used with the S argument to open these secondary ‘

‘ files. SRE is used after the secondary record files are opened to receive the datd

i as record data. The first numeric argument identifies the starting trame of the ) i

i sampled data file and the second 1s the number of frames to duplicate. >

| [nput: T'IL WD100 )

| [LS responds with: FIL WD10oo. SAMPLED DATA

f 2 DK BLKS. . FRAMES. s PT FR ‘

f SAMPLE RATE = 10 HZ :

i

|

LIS R ML g

e U KR,

SECONDARY FILE

Input: OPN' S :
ILS responds with: (a system prompt) :
[nput: SRE 1,1 .
ILS responds with: WD200. ~ RECORD | STORED

Input: FIL WDI01
ILS responds with: FIL WDI0I. SAMPLED DATA =
A 2 DK BLKS, 1. FRAMES, 8PTFR 4
\ SAMPLE RATE = 1.0 HZ
: PRIMARY FILE g
Input: FIL SWD201 :
ILS responds with: WD201. DOES NOT EXIST N
SECONDARY FILE :
Input: OPN S .
LS responds with: (a system prompt) )
| Input: SRE 1,1 o
j LS responds with: WD200. RECORD I STORED :
i 8. LRE is used to check that the data has been duplicated successfullv. Since ._
[ the record files are secondary, the alphabetic argument S must be used. The '
! first numeric argument in the command is the starting record of the files to list, o
| the second identifies the number of records in each file to display and the third '_::
1 identifies the number of consecutive tiles to displav. WD200 must also be the '_'-

' first secondary file identified by the command.
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Input: FIL SWD200
ILS responds with: WD200. RECORD DATA
15 DK BLKS, 1 RECORDS
SECONDARY FILE
Input: LRE S1,1,2
ILS responds with: Figure 3.28, a listing of the record data in files WD200 and
WD20I.
CiVILSY L .ER RE Si1,1,2
.'..'.I.Q.l..'.....'....'..'..'."'..Q"Q.Q'.Q."...'..'...'.....Q.Q.'
« Ci\NILS\wD20U. 00, I RECJRDS »
LA AL AL A A2 ARl 222 222 22222 2222 YT R YT YRR YT XYY LY TTY LY W PRy p ey
RECIAD 1, SAMPLING FREQUENCY 1,0UE+00, TYPZ 111}
RERAL TIME SERIES CF SAMPLED DRTA
INDEX TImE REAL vALUE
1 . 0000Z+00 1. 0000Z+00Q
2 1. OOVOE+Q0 3. 0GUOz+OU
3 &. OOUUE *Q0 ~&. 0000E+Q0
L) 2. 0GLOEZ+00 « QOUOE+00
i S 4. 0000E 00
i 6 . QUCOZ+00
7 €. OO0OCE+QO » 000CE+QO0
8 7. 00O00E+00 « QOUOZ+00
ENTER C TO CONTINUE, £ TD EXIT, N FOR NEXT RECSRD
-)c .
IAA AL A4 XL N2 22 222222 X2 S22 222 S X222 YT T RLE YL LRY TR LY YR PPY PUPaparpey
® Zi1NILB\WDEOL, &0., 1 RECORDS o
(AAAA AL R4 AR R R 22 2222 2222 22 X2 222222 XYY TR Y T XY TF X PR PP Ipapay gy
AZCCAD 1, SAMI_ING FAZIQUENCY 1.00E+00, TYPE 1111
RERL TIWE SERIES OF EA™PLED DJATA
INDEX TIwWE REA. VALUE
1 .O000E+00 -2, 0000E+00
2 1. OOVOE+0OO =1.0000E«00
3 2. O000E+00 2. 0000E +00
L) 3. OO0VE Y00 « 000VOVZ+00
3 4, OO00E«QO . 0000E+00
6 5. 00C0=+00 . QCOUE+00
7 6. O000E+0VQ « QUUJE*GO
3 7. 0000 +O0 e VUOUZ L)
SINILS) -~ T T ~ i
Figure 3.28 Record Data WD200 and WD201.
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: 9. With the record files identified. CNV is used to perform convolution of the
: two sequences. The CNV commuand requires one file to be a Primary i \) tile
e and the other to be a Primaryv (B) file. This is accomplished using the FIL
command. Default declares a tile Primary (A) and the alphabetic argument B
: declares a file Primarv (B). CNV also requires a secondary lile be opened to
b, store the results of the convolution. This is accomplished as before using the
C FIL and OPN commands. WD2300 1s used to store the results. None ol the
y CNV command’s arguments are needed to perform the analvsis.
i Input: FIL WD200
) ILS responds with: ‘WD200. RECORD DATA
o 13 DK BLKS. 1| RECORDS
PRIMARY FILE
M Input: FIL BCV201
b ILS responds with: WD201. RECORD DATA
" 13 DK BLKS, 1 RECORDS
¢ PRIMARY-B FILE
Input: FIL SWD300
ILS responds with: WD300. DOES NOT EXIST
¥ SECONDARY FILE
[ Input: OPN S
::_: ILS responds with: (a system prompt)
. Input: C\V
N ILS responds with: WD300. RECORD 1 STORED
N 10. The results can be displaved numericallv using LRE or graphicallv using
) DRE. The file 1s secondary so the S argument must be used with either
2‘ command. The M and A arguments used with DRE display the magnitude of
‘ the record while prompting for scaling options.
. Input: LRE S
N ILS responds with: Figure 3.29, a listing of the results of the convolution of
N WD200 and WD201,
- The result is displaved in figure 3.30 using DRE MAS. [Ref. 4]
Problem 6: Evaluate the DFT of the sequence found by sampling the analog signal:
' 2fsin( 2nfyt)
L. )= cmmeee e
Infyt
3 54
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e CivilShwbD200. 20U, 3 RECORDS =
L R e A Y T Y Y Y Y Y Y R YTy Y R Y Y Y T Yy I Yy Y

ZCIRO 1, SAPALING TRECQUENCY 1.00E«00, TYPE 1118
REAL TIFME SERIES OF SAMPLED DRTA
INDEX TImE RERL VALUE

« OU0QE+00 -2, 00CGOE+00
1. QQOUE+00O ~7. VOQOE+VO
2. O0ODE+00 3. 0000E =00
3. OUOCE+00Q 8. VVOVE«00
4. QUOOE+Q0 | =4, V000 +00
S. 0QUUE+OO 1. 1921E€-07
6. 0000E+00 -1.192iE-07
7. VOOOUE+00 -%.360%z-08
ENTER C 7TC CONTINUE, E TO EXIT, N FOR NEXT RECORD
- C
REZCID & NOT FOUND
C:NILS)

GNOWRS Wy~

el O

Figure 3.29 Record Data, X,(n) * x,(n

“us

and retaining only those values in the interval -1.0St<1.0 s. The

sampling frequency is 16 Hz and 32 samples are taken. Find and plot the
magnitudes of the DFT coefTicients for f; equal to [Ref 2: p. 486.):

a) 0.5 Hz

b) 1.0 Hz

&,
[l
P
™

In this problem, the 32 samples of the sinc function must be determined and then
used to find the DFT coefficients for varying values of f;. Since ILS cannot generate
the sampled values of the sinc function, the data is determined using a Fortran
program and stored in an ASCII data file which is then transfered to ILS. ILS can
then be used to perform the analysis and plot the results. The following ILS
commands are used in the analysis:

e File Command (FIL).
¢ Open Command (OPN).

o Write Command (WRT). Write sampled data or record data from a user
ASCII data file, or write sampled data to.from a coded ASCII file.

List Records Command (LRE).
Fast Fourier Transform Command (FFT).
Display Records Command (DRE).
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® Unary Operations Command (LUOP). This comuand 1s used to perform unary
operations on signal processing record files.

The first step, in this problem, is to write a program which generates the data
required for the problem and stores the results in an ASCII data file. The duata file
must then be transfered to the ILS directory and a record file opened to store the data.
The WRT command is used to write the data to ILS. This command requires the data
to be in a specific format in a file named WRTIN.DAT. In this case, since the data 1s
real-valued time series data, the format 1s F20.5 with one value per line. The program
and the ASCII data file are displayed in figures 3.31 and 3.32 respectively. Before the
WRT command is used, a file must be opened to accept the data. After the data is
transfered, the FFT command is used to compute the DFT of the sequence. The FFT
command is used instead of the FDI command becauss the number of elements in the

sequence 1s a power of two. The sequence of ILS commands are as follows:

c <15 PRCGRAM 3EAZ3IRTES DATR FOR ILS.
REAL X(32), I, I, T
COIN (UNIT#9, ~ILZ='wARTIN.DAT', STATLS='C.C"')
c . DIMENSION X (600)
Na32
P.i=ACOS(-1.0)
03 ¢0 I=i,N
e I=1-1.0
Ta(2#0.0625)~1.0
IF (T.E0.0.) THEN
X(l)=31,0
ELSE
X(1)=SIN(2.0eP100,.5eT)/ (PlaT)
ENDIF
WRITE (9,50) X (1)
20 CCNTINUE
30 FORMAT (F20.95).
CLOSE (UN]IT=9)
sSTOR
END

Figure'3.3l FORTRAN Program to generate samples.

1. Set the alphabetic prefix for the data files to be used in this analysis and
create and open a file to store data from an external file.
Input: FIL ANDQ
ILS responds with: Alphabetic characters set to: DQ
Input: FIL DEYDQ100
ILS responds with: TQ100. DOES NOT EXIST
PRIMARY FILE
Input: OPN
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: . OOUCY
y LUBE26 ‘
A 1332 !
W L2176 :
. 30011 |
. 38497 |
7 .47US3
’,: . . 25201
o . 63662
W .713%9
g . 78421
L) . 84633
- . 90032
. 94317
g . 97450
K- . 99339
- 1. O0UOO
. 39329
S « 97420
N . 96317 '
< . 90032
. 84633
) . 78421
B .71229
o .63562
N . S=501
' . 7053
< < 38497
v . 30011
.2176%
Py . 137221
,,: « 06€24
&S
-
WS
G Figure 3.32 Sampled Data from FORTRAN Program.
L .
:: ILS responds with: (A system prompt.)
v 2. With the file DQI00 opened and ready to receive record data, the WRT
. command can be used to transfer data from the file WRTIN.DAT. The
alphabetic argument used by the WRT command is T, which tells ILS to store
4
N real time series data from a file named WRTIN.DAT. The first numeric
- argument of the command identifies the number of items to store in each
b
» record, the second identifies the number of elements in each record, the third
identifies the number of records to to use from WRTIN.DAT, and the fourth
‘-ﬁ
5 and fifth are the integer multiple of the sampling frequency of the record and
, the power of ten multiplier of the sampling frequency.
o,
-, Input: WRT T32,1,32,16,0
.
ILS responds with: DQ100. RECORD 1 STORED
A Y
;\
b
W
‘s
o,
o
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3. U«ng LRE, the data transtered to DQItias cheched  The duta is niet irem -
-1.0 to 1.0 as expected. (This 1s because the version of LS used i periormung g

A

this problem did not allow signals to be represented 1n the negatne donmain,
Version 0.0, the newer version, does allow this.) This does not ullect tne

soiution of the problem.

A
)
- . A
Irput: LRE A
N - -~ . . N p .A

ILS responds with: Figure 3.33, a lisung cf data transtered from the external

file, WRTIN.DAT, to ILS and stered as a record in tie
DQIm).
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INDEX Time REA. vA_.E o
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1 . QUOUE + 00 . OOULE *0L o
2 6. :Z¢ug~-0Z 6. E2eUE~VE ks
3 1. 2200E-02 1.23216-02 o
“ 1.87508-01 2. 1765201 B
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Pigure 333 [TLS Record Data tron WRTIN.D A -
N
! 4
~ -
4. DRE v used to display the wanipied cuta saides. Parivar s ngare > 3= il ~)
part ¢y s ficure 3,35 e
S0 Now the DFT 18 computed using o P T snce the nunber of Gt poimte s
@ power ol two and this is recerd data Siice no aipiabetic arguinent: are usad ®
N
. - S o
with the FFT command. the recults of the FET are stored as read and comylen A
N
. ‘ . . .
Jutao The TIL comumand must also be used 1o open a secondary dile wiadhi the ‘o
-
Cpepe R - . . A Y
FET conunand uses to store ity results. LRE 18 used again to Jhodk tine resuits. L.
Y
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ILS responds with: DQI0!. DOES NOT EXIST
SECONDARY FILE

Input: OPN\ S

ILS responds with: (A system prompt.)

Input: FFT,5

ILS responds with: DQ10l. RECORD | STORED

Input: LRE S

ILS responds with: Figure 3.36, the DFT of the sinc function.

Cs\ILS)LRE 8

T eIy R R Y R Y P A Y X R AL R AL 2 2 2 2 A A4 2 2 L i 2 e dddddd )

e Ci\ILS\DG101. 101, 1 RECORDS =

PO PP e Y Y Y Y Y ey Y Y YA T R DDA L RS 22 L A4 s dddd R id s ddad idddd

[ Lol ],] 1, ROmMOI_TNE FAEQUENCY 16, TveE 221

COMPLEX RECTANGULAR SYMMETRIC SPECTAUM OF SAMPLED DARTR

INDEX

YONOUIWN-

10
11

FREGQUENCY

« OOVOE+00
S. OCO00E~01
1. O000E +00
1. SO00E «00
2. 0000E +00
2. 3000&+00
3. 0000E+00
3. SOO0E~+00
4, 0000E+Q0
4. SO00E+00
3. 0000E +00

REAL VALUE

1. 8833E+01
-7.2331E+00
-9. 128SE-01
=3.8734E-01
-2. 1834E-01
-1.4263€-01
-1.0226E-01
-7.813%k~02
-6.2800E-02
=-S5. 230S€E-02
-4, 3346E-02

i"AG vALuE

« OOVQE +00
-3. 1846c-V0
-1.9717€-08
-7.1470c-08

« OO0UE + 00
=7.A784c-08
-2.6815-08
~-4.8791E-08

- OOUOE +00
-2.8721€~-07
-1.1916E-u8

ENTER C TO CONTINUE, € TO €XIT, N FOR NEXT RECZORD
-)N

RECORD 2 NQT FOUND

Ce\NILS)

Figure 3.36 DFT Coefficients part (a).

6. The output file DQI0I contains the real and imaginary parts of the DFT but
not the magnitude. This file can be modified to contain the magnitude of the
DFT by using the UOP command. The UOP command does this by computing
the absolute value of the data in DQI01 and storing the results in a secondary
file. First the FIL command is used to change DQIOI to a primary file and
initialize a secondary file. The OPN command opens the secondary file to
accept the results of the UOP command. The LUOP command uses the AB
argument to identify that it will compute the absolute value of the data in

DQI101. Default values for the numeric values are used.
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. Input: FIL DQI01
b ILS responds with: DQIloI. RECORD DATA
\ 13 DK BLKS. 1 RECORDS
e PRIMARY FILE
[put: FIL SDEYDQI102
- [LS responds with: DQI02. DOLS NOT LXNIST
BN, SECONDARY FILE
Input: OPN'S

E ILS responds with: (A svstem prompt.)

A [nput: LUOP AB
' ILS responds with: DQI02.  RECORD 1 STORED
b 7. The DRE command 1s used to plot the magnitude of the DFT.

The second problem is pertormed in a sinular tashion. Figures 337 and 3.38 ure the

plots of DFT of parts (a) and (by, respectively. [Ret. 4]
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IV. CONCLUSIONS

Having described the capabilities of ILS and worked several example problems,
an evaluation of the svstem is appropriate. The software package 15 evaluated i un
academic environment which consists of comparing the advantages and disadvantages

of ILS to existing digital signal processing tools at the Naval Postgraduate Schocel.

A. DIGITAL SIGNAL PROCESSING TOOLS AT NPS

Presently, only the mainframe svstem has programs which perform digital signal
processing. These programs are available to the students by accessing a public disk.
The primary signal processing applications available through these programs are:

e  Fast Fourier Transforms.

®  Discrete Fourier Transtorms.

® Frequency response of continuous and discrete systems.

s Convolution.

e  Correlation.

¢ Difference equation solution.
The programs are not interactive and require creation of output files and reprograming
of subroutines within the programs in some cases. Plotting of the resuits from these
programs is obtained using DISSPLA or EASYPLOT.

The maintrame 1s compatible with a number of programing languages such as
FORTRAN, PASCAL. and APL. This allows the user to write signal processing
programs for applications which are not available through the public disk. Oue of the
more useful languages for application multidimensional signal processing analisis 1s
APL. APL is used primarily for solutions which require an iterative matrix tvpe of
solution process. The results of an APL session are easily plotted using GRAFSTAT,
an interactive plotting, data analysis, and applied statistics software package which
uses APL.

B. ADVANTAGES AND DISADVANTAGES OF ILS
A comparison of PC-based ILS with existing mainframe signal processing tools
identifies the advantages and disadvantages of both systems. First, ILS has the

advantage of being readily accessible. There are no unscheduled or scheduied
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maintenance requirements which affect the availability of {LS running on 4 personad

computer. [ILS 1s completely interacuve so no substantial progranung abuity s
required to use the software. The software can also be used in a menu driven
environment. This allows the user to obtain a better understanding of the ILS
conmunands and their usage in digital signal processing applications. The Jata generated
through the use of ILS commands and stored mn ILS files is easily plotted with [LS
displav. commands.  The ILS software can get data from external sources. The
software has the abilitv to convert and use data from an external data file and with
A D and D A boards, convert externally generated data to ILS tormat [or processing
and then reconvert and output that data In its original tormat. This gives the user uan
infinmite variety of signals to generate and analyvze.

There are some disadvantages with ILS, however. First ILS cannot pertorm
multidimensional signal processing. The software limits the number of techmique.
available for performing signal processing analvsis. For example, the user cannot
design a recursive filter by other than the bilinecar transform method. ILS does not
integrate with other programs or software. Thus, it is not possible to incorporate new
user-developed operations in the software. The graphics provided by the scitware docs
not display well with dot matrix type printers and its plots are limited to the software
options and capabilities. For example, ILS will not smooth plots with curve [itting
options such as an cubic spline, it merely connects the points. Finally, the user must
have a very good understanding of digital signal processing techniques to appiv the

software correctly and interpret ILS results.

C. RECOMMENDATION FOR EMPLOYMENT

ILS is a powerful signal processing tool. The software requires the user to have
a good foundation in signal processing techniques in order to use the svsiem
effectivelv. The menu driven and interactive capability of ILS makes this version of
the software easier to use for beginners. Since the software consolidates a number of
signal processing methods, it would be utilized most etliciently as a research tool. [LS
could also perform as a lab tool for projects in courses which deal with spectral

analvsis, digital filter design, and speech processing.
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APPENDIX
ILS COMDMIAND: DFI

This appendix consists of an excerpt from the ILS Command Reference Guide.
[t 1s representative of the documentation provided to the user concerning the

capabilities, usage and format of ILS commands.
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October 1986 ILS DFI N
X
b)
‘ -
DFI .
e
3
DESIGN FILTER COMMAND 3
Dt
Function '
Design an elliptic, Bunerworth, or Chebychev filter. v,
\
Command Format '
oFr [P,S1 [0 N1,N2,N3,N& N5, ,N6,N7,N8 L
.
N
L%
Input ;
.’[‘.
The command arguments are the oniy input. ;‘
Output n

An ellipdc, Bunterworth, or Chebvchev filter maiching the input specifications
is stored in the COMMON file. The rational form filter can also be stored in a
record file.

Alphabetic Arguments

0 Design band pass filters for fractonal octave-band filtering. (This
argument is availabie only if the user's version of [LS includes the
OCT command.)
Default is sandard filter design (i.e. no fractional
octave-band filters).

TN GG N T e N
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DFI-1
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F

Select file in which to store the filter.

)

Default stores the filter in the COMMON file only. f
P Store the filter as a record in a primary file aiso. g
S Store the filter as a record in a secondary file also. F
‘c‘

Numeric Arguments
N1 The filter order (in S-plane). o
Default is to prompt user for filter specifications. o)
Range is 1 o 14, %
N2 The passband ripple in milli-dB. _ , B
Use >0 to indicate an elliptic or Chebychev [ filter. b
Use 0 1o indicate a Bunerworth or Chebychev II filter K
(neither of which has ripples in the passband). ;'.

Range is 1 o 10000. ;

N3 The integer sampling frequency in Hz. I
No default. 3‘.

. -

N& A band edge in Hz. For a low pass filter, N4 must be zero. For a ,

band pass filter, N4 must be the lower band edge. For a band reject

filter, N4 must be the upper band edge. For a high pass filter, N4

] must be larger than Q but less than the folding frequency (half the

! sampling frequency). The band edge represents the passband edge

for the ellipuc and Chebychev 1 filters, a half power point for

Bumerworth filters, and the stopband edge for a Chebvchev II filter.
Range is 0 w haif of the sampiing frequency.

NS5 The second band edge in Hz. For a low pass filter, N5 must lie
between N4 and the foiding frequency. For a band pass filter, N5

PR A A R XN

1 must be the upper band edge. For 2 band reject filter. N5 must be "

J the lower band edge. For a high pass filter, N5 must be larger thao ’
or equal to the folding frequency.
Range is O to half of the sampling frequeacy. ;Y

:
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33
-~

] DFI-2 ~
; A

T T O e T A D

o, v v



» TRV TN T AN TR AN U N0 ¥ fan Bt )¢ Sat fo? fa® " Ug? Aa® Sa° by® . ir e ' iet lun 34" Jhe" alie® i’ oin® . Aul' olar™ e” " at pile® o oA 2 _.W,-T.W_Y_WJ'\

Wy
=
1
-~
.
Ocwober 1986 ILS DF1 -
;
[
NS A stopband edge (in Hz) or “dB-down” (in dB). ;
Use >0 to specify a stopband edge. which must lie outside of o
the passband. A
Use O t specify no ripples in the stopband (filter must be J
Bunerworth or Chebychev D). 4
Use <O to specify a dB anenuadon in the stopband.
Range is 0 10 one half of the sampling frequency when N6
is positive, and is -1 © -100 dB when N6 is -
negative. : !
[Vt
N7 The power of 10 multipiier for frequencies. o
Range is -30 o +30.
N8 The number of bits of quantzaton. :
Range is | o 6. :
.
Y
If (O] is specified: L
o«
Né The cenmal frequency of the highest fractional octave-band. -
Range is 0 to half of the sampling frequency. i,
N5 The number of bands per octave. »
Default uses | band. 5
Range is | to 12. ~
o
NS The dB-down factor. .
Range is -1 to -100 dB. g,
N7 The power of 10 multiplier for frequencies. "\
Range is -30 0 +30. ¥
K
LY,
L3 [ \
Description: N
The DFI command designs elliptic. Bunerworth, or Chebychev (I or II) filters
and stores them in the COMMON file. Each of these different tvpes can be .
designed as a {ow pass, high pass, band pass. or band reject filter. Fiiter designs A
can be specified directly on the command line or interactively in response 10 .
prompts. The user can activate the interactive mode by entering D F [ without any o
arguments. iy
o
W
)
DFI.3
‘A
-l :'
o,
Rt
R
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The spectrum of the filter can be displaved with the FDI C command (refer o
the example), and the filter can be used with commands such as FLT to filter
sampied dawa or record daw. If specified by the user. the filter is stored in the
primary record file (P) or in the secondary record file (S) as well as in the
COMMON file.

AT 0 2 W AP PR STV

The filters are designed as close o the user’s specifications as possible. These
specifications inciude filter order. passband ripple. sampling frequency. passband
edges, stopband edge and required anenuation in stopband. The filter coefficient
design is printed at the end of the program (refer to the exampie). The aumerator
and denominator coefficients and the corresponding quadratic factors (with the zero
order value of | suppressed) are stored in the COMMON file.

The printout consists of the following informatioa:
1. Design specificatioas.
2. Denominator and numerator coefficients.
3. Poles and zeros (real and imaginary parts).

4. Quadratic factors for each poie or zero. Each compiex pole or zero pair of the
form (1 - (a+jbiz**-1], (1 - (a-jb)z**-1], where a and b are compiex
conjugate pole pairs, can be wrineg as | - (22)z**-1 + (a*%2+b**2)z**-2.
The first order quadraric factor is (-22) and the second order quadratic factor
is (a**2+Db*"2). .

5. Time constant. The tme constant is the number of sampies for the impulse
response of the poie closest to the unit circle o decay to 0.37 (Ve) of i
inidal value. [In general, if the value exceeds 100, the filter may be
ill-designed.

6. Noise bandwidth. The noise bandwidth is the theorencal equivalent bandwidth
for white noise input. It is the value for which an ideal filter (gain of one in
passband, zero otherwise) would produce the same energy.

If the filter order (N1) is aot entered, the program prompts for the parameter
values. The order of the filter is usually specified as less than 10 since higher
order filters can produce numeric inswabilities. An order of 3 or 4 is rypical.

:l{f{ff'l
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The type of filter designed, i.e.. elliptic. Bunerworth or Chebychev (I or ID) is
determined by the amount of passband ripple (N2) and stopband ripple (N6)
allowed by the user.

Passband ctipple Stopband ripple
alloved, B2>0 allowed, H6¢0 oc K60
elliptic yes yeos
Buttervorth Bo 8o
Chebychev yes ao
Chebychev II ne Yes

For ellipic and Chebychev II filters (stopband ripple allowed), the user has a
choice of specifving stopband edge in Hz (N6 >0) or the required attenuation in
the stopband in dB (N6 <0). ’

The class of filter designed. i.e., low pass. high pass, band pass, or band
reject, is determined by the values set for the lower passband limit (N4) and upper
passband limit (NS). If these values are large, the power of 10 multiplier (N7)
can be used.

Low Pass. To generate a low pass filter, the user specifies the lower passband
limit as zero and the upper passband limit as greater than zero but less than the
folding frequency, i.e.. half the samgling frequency.

Qecedjeccccconanen feeescacecsasn i¢c--folding frequeacy (K3/2)
1 1
| I
Ndé=0 0cNScn3/2

DF1-§
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High Pass. To generate a high pass filter, the user specifies the iower passband
limit as greater than zero but less than half the sampling frequency, while the

:: upper passband limit is at least the folding frequency. If a frequency value greater
than the folding frequency is entered as the upper passband limit, it is treated as
:: the folding frequency.
!
- Qeedjocacencancas loeeceesccacans j<--folding frequency (N3/2)
N [ |
i I |
v; ocmacwl/2 B%aE3/2 or WS >W3/2
-: Band Pass To generate a band pass filter, the lower passband limit is specified as

less than the upper passband limit while both fall between zero and half the
' sampling frequency. The user enters one value for N6, the stopband edge or
required attenuation. the other value is determined by the program.

8
Qeedjiscccoccans |eeoesccese jeescccne |¢--foldang frequency (¥3/2)
| [
{ )
. OCHNACNS macESN3/2
-\.‘_ Band Reject To generate a band reject filter, the upper passband limit is specified
t- as less than the lower passband limit while both fall berween zero and half the
L. sampling frequency. The user enters one value for N6, the stopband edge or
R required attenuation, the other value is determined by the program.
Y
»”, Bevdicecccencen jemeccoseaioecancen i¢ts-folding frequeacy (N3/2)
I [
! i
o) 0cNScN4 NScN4cNI/2
Octave band filtering
The O opton is used to design filters for ocave band filtering (see the OCT
command descripion). The program designs one set of eiliptic band pass filters
and one ellipac low pass filter. The low pass filter has a cut-off frequeacy at the
lower frequency edge of the highest octave band. The set of band pass filters are
[
o

DFI-6

o« -"\*d‘ -“- f\-\o‘_"-\r_.. . .
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designed with passbands adjacent to each other and with the towl passband
eacompassing the ennre band of the highest octave.

The numeric arguments specifv the highest ceater frequency from the highest
semi-ocave band (N4), the number of elliptic band pass filters per ocave band
(NS), and the dB anmenuation in the stopband (N&). The iow pass filter is
designed transparently. The order of the filter is one half of the band pass filters’
order (i.e.. N1./2) and the cutoff frequency is calculaied as follows:

PC » [ 2 **(.%°m) | * M .8

where:

FC = high fregquency cutoff of lowv pass filter
(or, the lower fregquency edge of the Bighest
octave band)

PH = the bighest ceater frequeacy of band pass filtecs
(o, N4 * 10°*°* N7,
R = 1 , NS

General Notes:

l. Digiml filters are designed from analog prototype low pass filters. For high
pass and low pass filters the filter order is equal to the order of the digial
filler. For band pass and band reject filters the digiwl filter order is twice the
analog protorvpe filter order. A mapping is used to obwmin the digital filter- .
from the analog prototype fiiter. The mapping is based on the well-known
bilinear ansformanon for low and high pass fiiters and on the lesser-known
biquadratic wransformadon for band pass and band reject filters.

2. If quandzadon is selected (N8), a procedure is used to approximawe a

pseudofinite word-length filter. This procedure is as follows (picase refer
the prior description of quadratic factors if necessary):

a. the poles and zeroes are calculated in floating point nomation (accuracy is
svstem dependent);

b. the pole/zero pairs are floating point multiplied t obmin quadratc factors:

c. the first order quadrauc factor is rounded within the range of +2 o -2
using the number of bits set by N8;

.................................

-------
- (W] -
-------
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o
A d. the second order quadratic factor is rounded with the range of O o + 1|
. using the number of bits set bv N8:
0
fe ¢. the poles and zeroes are recaiculated in floating point notation from the
X rounded quadratic factors.
[}
f. the numerawor and denominawr coefficients are recaiculated using the

W above rounded quadratic factors.

: Hence, both the cascade and rational forms of a filter generated by DFI
A approximate a pseudofinite word-length filter.
LR
D Example:
‘ pte:
; In this example. a low-pass filter with a cuwoff frequency of 800 Hz and a
N sampling frequency of 10000 Hz is designed usiag two methods. First, a

tenth-order Bunterworth filter is designed, and a grid and the transfer function are
. plotted (Figure DFI-1). Second. a fourth-order Elliptic filter is designed. and the
transter funcuon is pioned (Figure DFI-1). See OCT for an example of DFI 0
for octave band filters.

-

15 Y
N
.‘-
.
The design of the first filter is as follows. The order is set to ten and the passband
. ripple is set © zero. (No ripple means that the filter must be Bunerworth or
-, Chebvchev 11.) 10 KHz is the sampling frequency and the passband edges are set
o at 0 and 800 Hz. Since the stopband has zero ripple, the filter is a Bunterworth
N low pass filter. The filter characteristics are printed after the DFI Command.
o NOTE: Each computer and operaung sysem gives differing results on floating
point calculations. The aumber of significant figures which agree varies widely,
:" so the printed exampie may not maich vour own results. The differences show up
' most on the filter coefficients and least on the pole and zero locations.
o ]
< 0F1 10,,10000,0,800
d or: 10 o 10000 o 800 ° 0
" SAMPLING PREQUENCY 10000.000 RZ
LOW PASS BUTTERWORTN (MAXIMALLY FLAT) FPILTER
- BAND EDGES 800.000
~
> h
" DFI-8
: Q)
4
‘ t
1
‘
Y
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DENOMIRATOR NUNEZRATOR
1 1.000000E+00 2.4407932-.07
2 -6.7889618+00 2.440793L-06
3 2.111061K401 1.098387¢-09
4 +3.9%4664K401 2.9289518-09%
| ] 4.9200742+01) 9.12566%8-03
| 6 -4.264121Fe01 6.1%507988-08
| 7 2.531958¢C+01 $.12566%€-09
$ -1.081337ge¢01} 2.928981£-08
) 3.0450848+00 1.098387€-08
, 10 -5.079836K-01 2.4407938-06
: 11 3.804%14882-02 2.4407932.07
| POLES QUADRATIC PACTORS
. REAL IRAGIBARTY PIRST ORDER SECOND ORDIER
s 0.8148%4 0.442478 -1.629788 0.8390)7
. 0.719043 0.3%221) -1.438087 0.641077
0.6%31642 0.2%409¢ <1.3071288 0.4951812
0.613128 0.1%3012¢ -1.22625%1 0.399340
0.%993778 0.05106% -1.187880 0.358177
2ER0S QUADRATIC PACTORS
REAL IRAGIRARY PIRST QROLR SECOND ORDER
Y -1.000000 0.000000 1.000000 0.000000
-1.000000 0.000000 1.000000 0.000000
-1.000000 0.000000 1.000000 0.000000
-1.000000 0.0000600 1.660000 6.000000
-1.000000 0.000000 1.000080 0.000000
-1.000000 0.000000 1.000000 0.000000
-1.000000 0.000000 1.000000 0.000000
-1.000000 0.000000 1.000000 0.000000
-1.000000 0.000000 1.000000 0.000000
-1.000000 0.000000 1.000000 0.000000
TIME CONSTANT 13.2344 SARPLIS
NOISE BANDWIDTH 800.338 X2
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October 1986 ILS DF1

FDI CE is used to display the filter response from the parameters stored in the
COMMON file and erase the screen before the display (E) (Figure DFI-1).

FOl C&

A grid is placed with a border and a vertical dotted line at the 800 Hz point.
GRO 8,,800

DF1 is used 1o design the second filter as a fourth-order filter, with a 200 mdB
ripple in the passband (so that the filter must be cither elliptic or Chebychev ),
and a sampling frequency of 10 kHz. Since the band edges are entered in reverse
order. N5 is less than N4, the filter is a stopband filter. with passband edges of
3000 Hz and 2000 Hz. N6=-.50 specifies 50 dB anecnuation in the stwopband. so0
that the filter must be of a rype with rippies ia the stopband. making it an ellipuc
filter.

0FI 4,200,10000,3000,2000,-50

bri L} 200 100006 3000 2000 -%50 ¢
BN¥D RJCT ELLIPTIC PILTER

PASS BAND RIPPLZ 0.200 DB

PASS BAND L[DGES 2000.000 3000.0600 m2Z
STOP BAND EDGIES 2276.582 2723.419% n2
SANPLING PREQUENCY 10000.000 22
ATTERUATION -50.000 DB

DENOMINATOR BUMEZRATOR

1l 1.0000008+00 4.4092832-01

2 2.3841862-07 1.608494K-07

3 2.3928086EK+00 1.759466L+00

4 4.0233142-07 4.716140E-07

S 2.429392¢g+00 2.621464F+00

6 2.9802328-07 4.749588¢C-0)

7 1.1467458+00 1.7594668+00
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] 6.70%%21e-08
9 2.331727¢-01
POLES

REAL
-0.268456
0.268456
«0.221332
0.2213132

ILRoS

REAL
«0.130399
0.1301399
-0.096417
0.096417

TIME CONSTANT

NOISE BANDWIDTH

l.
4.

§05494C€-07
489291£-01

INAGIRARY
0.912634
0.9126134
0.6961312
0.696132

IMAGINARY

-991462
.991462
.998407
.998407

ILS

DF1

QUADRATIC PFACTORS
SECOSD ORDIR
0.904969
0.90496)9

FIRST ORDELIR

0.536913
-0.536912
0.442663
«0.4423663

0.
0.

$13%87
533587

QUADRATIC FACTORS
SCCOUD ORDER

FIRST ORDER

0.2607%7
-0.26079%7
0.1128138
«0.112813¢

10.019 sSamrLiS
4021.208 &2

l.
1.000000
1.

1.0400000

The spectrum of the filter is displaved from the user’'s COMMON fiie and placed
on top of the previous figure (Figure DFI-1).
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PREQUENCY (KZ)

5000

DFI

Figure DFI-1.  Frequency spectra of the filters described in the exampie. The
spectrum with the sidelooes is the elliptic design, the other is the

Bunerworth design.
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